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‘ OUTLINE

Electroweak measurements still fundamental at the Tevatron

Tevatron parton kinematics 13 TeV LHC parton kinematics
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@ Different parton densities with
respect to LHC

@ Information on PDF, narrow x
range (for @2 ~ MZ) to explore:

M A+
0.002< x <1, x= N 4

@ Complementary to
central-forward jet
measurements at the
Tevatron

@ Help modeling MC
simulations

» Thanks to the full Tevatron dataset, resulting from many years of data-taking, we
have greatly improved the accuracy of Ewk measurements.
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OUTLINE

Electroweak measurements still fundamental at the Tevatron

Tevatron parton kinematics

10 T T T T
x,, = (M/1.96 TeV) exp(zy)

13 TeV LHC parton kinematics

x,, = (M13 TeV) exp(y)

@ Different parton densities with
respect to LHC

@ Information on PDF, narrow x
range (for @2 ~ MZ) to explore:
0.002< x <1, x= %eiy

@ Complementary to
central-forward jet
measurements at the
Tevatron

a Llala A

10°F Q=M 10°F Q=M M=10TeV 4
107 10 E
10° M=1TeV 10° F M=1TeV,/ o
< 10° < 10°F E
10" M =100 GeV - 10" F M =100 GeV, H
kel ! ‘o
10° ARSI 10°F 4
y=/4 2/0 2 4 y=/6 4 2 0/2 4 &
10°F  M=10GeV: - 107 F - -
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@ Angular distribution ¢* in Z — pp events
@ e charge asymmetry in W* — e events
» Thanks t . .5 .
@ Indirect sin® 0y measurement in Z — ee events
have greatl

@ WW:+ jets production
e WW /WZ — (v+ heavy flavor jets

ling MC

ita-taking, we
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‘ @* DISTRIBUTION IN Z — s w

74 ¢" = tan(acop/2) - SINO”
P ar (lepton2) o
J o pT Pacop = ™ — (L)
cos0* =tanh((n—- — n.)/2)

(lepton1)

T @ ¢" is equivalent to pr(tf): ¢~ o ar/Mu

Recoil @ Less sensitive to detector resolution and
efficiency: <1% resolution on mrad angles

» few % resolution uncertainty on p,E

Provides information about boson momentum spectrum =- improve MC generators
(ResBos) for predictions at higher collision energy (i.e. LHC)
@ Explored di-muon events in the full DO dataset, fﬂ =10.4 fb~', with 30 < M, <
500 GeV
@ Separate analysis for on-peak and off-peak events
@ Comparison to ResBos and NNLL+NLO calculations (Banfi et al.)

ResBos arXiv:1309.1393 Banfi et al. JHEPO1 (2012) 011
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¢* DISTRIBUTION IN Z — fij1 - ON PEAK

Exp. uncert. smaller than theoretical onesj
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High-¢* discrepancy observed also in Z — e*e~ which has different corrections
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¢* DISTRIBUTION IN Z — fij1 - ON PEAK

Exp. uncert. smaller than theoretical onesj
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Data/ResBos

Data/NNLL+NLO

¢* DISTRIBUTION IN Z — i - OFF PEAK
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First low-mass
measurement

@ More sensitive to
small-x effects

@ Better statistics than
forward rapidity
region

Also first high-mass
measurement

@ Helpful to constrain
QCD ISR for
processes with high
mass final state

@ Low statistics,
detailed comparison
unavailable



http://arxiv.com/abs/1410.8052

‘ W* — e*v CHARGE ASYMMETRY

@<= = G In pp collider: @ )
Boost Z"+ ‘31‘7 Boost
Y i
W+ v Alyw) = H W- e~
%/ dyw T dyw J%
________ o _ Ulxo)d(Xp) — d(xo)u(xp) N
B u(xp)d(xp) + d(xo)U(xp)
at W rest frame at W rest frame
of = sensitive to v and d PDFs.
v

Measure ¢ charge asymmetry:

H £
20.04f @ 3 (b)
@ Straigthforward observable, easier to = dornit El- Hlectroncharge asymmetry
. & pocadorapidits
determine ém- - 2. R
@ Convolution of W production asymmetry oozt 0
and V-A decay oof os
@ W asymmetry more challenging because s
L 3 02 -1 0 1 2 3 32 a1 0 1 2 3
of missing v B PRL 112 151803 (2014) wwert swort

W rapidity = e pseudorapidity
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’ W* — e*v CHARGE ASYMMETRY

o W* — e*v selected from the full DO dataset

@ Subtract background: multijet, Z — ee, W — Tv,
Z =TT

@ Correct for detector effect, unfold distributions

@ Compare corrected asymmetries with theoretical
predictions
@ Different analysis bins:

ES >25GeV Er >25GeV
25< E¢ <35GeV 25< £ <35 GeV
E¢ >35GeV £ >35GeV
25< ES <35GeV  Er >25GeV

¢ >35GeV £ >35GeV

@ Residual Data/MC discrepancies covered by systematic
uncertainties
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.032007

W* — e*v CHARGE ASYMMETRY

Assuming CP, asymmetries folded in |n| after checking consistency

.g 02 _ (@) J— DG, 9.7 b
E, 0 ._‘_,_..,.f*'“"
< [ 1 DOA, .
r DO A ,7.3 b’
02E MC@NLO NNPDF2.3
[ NNPDF2.3 uncertainty
04 ~ MC@NLO MSTW2008NLO
r RESBOS CTEQG6.6
F £y > 25 GeV
08 [ S ¥ S B 1
ml

NNPDF2.3
Fd
=

Ac-Ac
o
3

PRD 91, 0

1 DOA, (b)
s DOA,TIM!
----- MC@NLO NNPDF2.3
NNPDF2.3 uncertainty
.. MC@NLO MSTW200SNLO
RESBOS CTEQ6.6

D@, 9.7 b

[Consistent with mc@nNLo and NNPDF2.3]

@ W and e charge asymmetries measured using the full DO dataset, n up to 3.2
@ Most precise measurement of lepton charge asymmetry to date

@ First measurement of W charge asymmetry from DO and most precise to date
@ Improvement of PDF knowledge in Q?-x region of W production will have strong

impact on my measurement:

» expected PDF uncertainty reduction by ~30%
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W* — e*v CHARGE ASYMMETRY

Assuming CP, asymmetries folded in |n| after checking consistency

PRD 91, 032007 (2015)
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W* — e*v CHARGE ASYMMETRY

Assuming CP, asymmetries folded in |n| after checking consistency

PRD 91, 032007 (2015)
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‘ EFFECTIVE WEAK MIXING ANGLE w

pp— Z/y" — 00

Drell-Yan dilepton production affected by the axial-vector
contributions by:

9
cos Oy

7*(gY — gans)1Z,

where g, = I} — 2Q - sin® 0y, gl = I3

@ /3 and sin? 9,y couplings are modified by weak radiative corrections (few %)
@ effective value of sin 6y :

f
. 2 _ 14 A2 2 2 nf 1 _gl
sin“ Oy =1 — My /Mz — SiN® Ogr = TN ( gj‘>
@ The effective weak mixing angle () can be measured from the
forward-backward charge asymmetry in the distribution of the lepton emission
angle (Aw)
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‘ Aip: ANALYSIS STRATEGY w

@ Reconstruct a ¢*¢~ pair, consider the angular

distribution in the Collin-Soper rest frame oA
@ Consider 6%, the polar emission angle of the ¢~ with / el
respect to the direction of the incoming quark <=
_ o(cosf* >0) —o(cos6* <0) Ne—Ng P, P

o = s(cos6* > 0) + o(cos0* < 0)  Ng +Ng
The asymmetry is due to the interference between the vector and axial vector coupling
terms, hence sensitive to sin® O

0.6

@ Measure Agg in bins of My,
04

@ Produce MC simulated templates of
Ars(Mqe, sin® O)

° @ Apply corrections to data and simulation
-0.2
ol @ Compare Arg(M,,) obtained in data to

) simulated templates with different sin? Oy
values (x2 fit)

0.2f
2
<

et
40 60 80 100 120 140 160 180 200
M (GeV/c?)
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‘ Aip: ANALYSIS STRATEGY w

@ Reconstruct a ¢*¢~ pair, consider the angular

distribution in the Collin-Soper rest frame oA
@ Consider 6%, the polar emission angle of the ¢~ with / el
respect to the direction of the incoming quark <=
_ o(cosf* >0) —o(cos6* <0) Ne—Ng P, P

fo = (cos6* > 0)+ o(cos0* <0)  Nr +Ng
The asymmetry is due to the interference between the vector and axial vector coupling
terms, hence sensitive to sin® O

0.6

@ Measure Agg in bins of My,
04

@ Produce MC simulated templates of
Ars(Mqe, sin® O)

° @ Apply corrections to data and simulation
-0.2
ol @ Compare Arg(M,,) obtained in data to

) simulated templates with different sin? Oy
values (x2 fit)

0.2f
2
<

40 6‘0 BIO 160 1;0 1;0 1&0 1;30 200
M (GeV/c?)
Improved e reconstruction and calibration, extended to the full collected dataset,

extended the n region coverage! (wrt to previous version of the analysis)
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sin® 6y MEASUREMENT

EO_Q :— Dg 9.7 'b" ] ) Al T ) A
F , CC-CC CC-EC EC-EC Combined
[ x¥dof=16 ] sin? 0w 0.23140 0.23142 0.22986  0.23138
02f Statistical 0.00116 0.00047 0.00276_ 0.00043
b Systematic 0.00009 0.00009 0.00019 _0.00008
o1k —_— Energy Calibration 0.00003 0.00001 0.00004 0.00001
[ Encrgy Smecaring 0.00001 0.00002 0.00013 0.00002
b L Background 0.00002 0.00001 0.00002 0.00001
o —— <+ Data CC-CC Charge Misidentification|0.00002 0.00004 0.00012 0.00003
E_A* " Electron Identification |0.00008 0.00008 0.00005 0.00007
o N - PYTHIAGC-CC Total 0.00116 0.00043 0.00277 _0.0004
80 90 100 110
M, (GeV)
"
< [ Doorid’ —— .2
S sin® 6y = 0.23139 + 0.00043(stat.)
04 x¥dof=1.
F 4+ 0.00008(syst.) + 0.00017(PDF)
02—
r e which translates in SM on-shell renormalization
o - Data CC-EC scheme and modified ResBos NLO corrections
02F ~PYTHIA CC-EC .2 0
S 5 5 — Sin geff =0.23147 4+ 0.00047
M, (GeV)
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sin® 6y MEASUREMENT

World’s best from Hadron Collider and light quark interactions

<—— LEP and SLD Average
0.23153 +0.00016

CC-CC CC-EC EC-EC Combined
Ay —e— 0.23099 + 0.00053 sin” 0w 0.23140 0.23142 0.22986  0.23138
Statistical 0.00116 0.00047 0.00276_ 0.00043
Systematic 0.00009 0.00009 0.00019 _0.00008
AfP) B 0.23159 +0.00041 Energy Calibration 0.00003 0.00001 0.00004 0.00001
Encrgy Smecaring 0.00001 0.00002 0.00013 0.00002
A, (SLD) o 0.23098 + 0.00026 Background 0.00002 0.00001 0.00002 0.00001
Charge Misidentification [0.00002 0.00004 0.00012 0.00003
A?t;b e 0.23221 + 0.00029 Electron Identification |0.00008 0.00008 0.00005 0.00007
Total 0.00116 0.00048 0.00277 0.00044
ALS —e—  0.23220 + 0.00081
(s ——e—— 0.2324 +0.0012 5
sin® 6y = 0.23139 + 0.00043(stat.)
A2 (CDF), 2.0 fb™ ——e—— 0.2328 +0.0011
" + 0.00008(syst.) + 0.00017(PDF)
Aj (CDF),9fb" +——e—— 0.2315 +0.0010
) lich translates in SM on-shell renormalization
A% (DO), 9.7 fb” 0.23147 +0.00047 s .
= (09) X heme and modified ResBos NLO corrections
| | | | | J
L2 0
0.228 0.23 0.232 0.234 0.236 0.238 sin® Og = 0.23147 + 0.00047
sin? o
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WW +JETS w

. CDF Public Note

Many diagrams involved in WW production at the Tevatron:

e @ associated jets
. depending on the
W production mechanism
7 g 7 @ basic to study Vector
, - Boson Scattering
7 wi a w @ fundamental
background on the
¢ W w- search for H — W*W~—
q q q q
'CDF Run Il Preliminary ‘[L =9.71"
. g £ :
a w- 4q 9 a 2 500 afmnw) Cross Section -WJ'“S ZDE!
2 £ i oww
5 C wz —~Data
&1 2000
@ WW cross section precisely measured using 35% F
1500—
of the dataset: F
» Exteded the analysis to jet-associated Tooo
production so0f |
E —
o i 2 3 i :

O 5
Number of jets
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@ DO

Er ifAG(ET, lepton, jet) > T

@ Events with a £*¢~ pair (¢=e,u), significant £ Er e E{ Eysin(AG(E T, lepton,jet) itAG(Er, lepton,jet) < §
@ Different analysis bins, depending on the jet multiplicity

1jet: 15 < Er <25 GeV

0 jets 1 jet: 25 < Ey <45 GeV 2 or more jets

1 jet: 45 < Et GeV
@ Train different NeuroBayes neural network in 0,1,2+ jets subchannels
@ Check background processes modeling in orthogonal control samples
@ Extract the cross section using a binned maximum likelihood fit to the NN output

distribution, including syst. uncertainties

CDF Run Il Preliminary J‘ L=971b" CDF Run Il Preliminary JL =971b"
8 296550 Jets “Data = Wajets 8 a5/ 08 2+ Jets ~Data 1"Wajets
2 200 ww(livv) Cross Section WW+y 2 T Eww(ivv) Cross Section mW+y
[} £ Wit ] = Wt
£ 180 wz £ 305 wz
9 160 2z 2 F [44
ook + DY W25 DY
E oww E oww
120 20
100 =
E 151
80 + £
"3 ooy 0 }
40 T E
c 5
2 I."-_+ g
ot | | | | | I I I 0 | | | | | | | 1
-1 08 06 -04 -02 0 02 04 06 -1 08 06 -04 02 0 02 04 06

0.8
NN Output

0.8
NN Output
. CDF Public Note 13
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WW +JETS

WW(llvv) Cross Section CDF Run Il Preliminary JL=97 b1
o (pb) Uncertainty(pb) b)
Jet Bin Measured  Stat.  Syst.  Lumi. Alpgen MCONLO
- FI®
Inclusive 14.0 0.6 i $08  13E14  117E09 | Jnfolded result:
0 Jets 9.6 +0.4 ;00;3 +0.6 8.2+ 1.0 8.6 0.6 > jet'bin migraﬁon,

1 Jet Inclusive 3.05 fo46  TyE #0158 243£031 247E018 ), joceptance differences,
1jet, 15 < ET < 25 GeV 1.47 +017 OB +009 1.26+016 1.1840.09 ti to had icl |
Ljet, 25 < Ey < 45 GeV 1.09 +018 9 £0.06 077+010 0.7940.06 » correction 1o hadronic leve

1jet, ET > 45 GeV 0.49 +015 02 £0.03 040005  0.46 +0.03

2 or More jets 1.36 +030 9% £0.08 064+008 0.61+£0.05

CDF Run Il Preliminary [L=ezw’
g [ i
S 1 wwaw { Data i
. . . . = 3 ALPGEN prediction
Higher but consistent with theoretical § 1ol : o
.. s F SLECLEEr e SRRTTE PR MC@NLO prediction]
predictions (ALPGEN, MC@NLO) & F E
o F ]
Bl I ]
. . . . (S i
» First differential cross section £ {
measurement in a massive diboson 3 ' E
state e F et ]
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http://www-cdf.fnal.gov/physics/ewk/2014/WWjets/cdf11098_WW+jets.pdf

‘ WW /WZ +HEAVY FLAVOR JETS

Exploit the full CDF dataset ([ £= 9.4 fb~") and improve previous result
@ Reconstruct one /(=e,) (pr(¢) >20 GeV), £ >15 GeV
(due to v)
@ 2 jets (Er >20 GeV): displaced vertex for one or both P
(1,2 tags)
@ QCD modeled from data, rejected using Support Vector P
Machine
NIM A 772 (2013)

Interesting validation of the WH — fv + bb sensitivity

W~ Iv +2jets, pretag CDF Run Il Preliminary (9.4 fb™)

——Data

fujj control sample =i Aim to separate and measure WW

Events/4 GeV/c

EQ‘E and WZ thanks to the different
Dz heavy flavor decay pattern of the
B | W and Z bosons (W* — c5,

"""" Z — bb, cc) and the analysis of
the secondary-decay vertex
properties

150 200 250
M,, (jetl, jet2) (Gevic?)

. CDF Public Note 15
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http://www.sciencedirect.com/science/article/pii/S0168900213004671

WW /WZ +HEAVY FLAVOR JETS

» Channel with 2 jets, both tagged as h.f. is dominated by WZ and W + bb background

» Use a NN-based flavor discriminator for events with
only one HF-tag
@ Separate b-quarks from c-quarks and
light-flavor
@ Help discriminating W + c(c) from W + bb as s
well as WW from WZ

WZ, single-tag CDF Run Il Preliminary (94 16)
' 35

Flavor-NN

CDF Run Il Preliminary (9.4 fb™) d R T
< - - - - - - - - - M, (et jot2) (GeVic?)
o : —Data [@WZ

T L+ K
% W v + 1 jet, 1-tag events =ww EWHIZH

@Ww+bb  @Wcj WW, single-tag CDF Run Il Preliminary (9.4 fo)

; 2000 OW+ct  @WH+f B Ne«ren\‘s2
= Dzjets [@single-t H

[ ot @nonw & 10
w

0.2 04 0.6 08 1
Flavor-separator NN (A. U.)

B 100 120 140 160 180 200 2

i 0
M, Get1, jet2) (GeV/c?)

. CDF Public Note 16
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WW /WZ +HEAVY FLAVOR JETS

CDF Run Il Preliminary ( 9.4 Ib")
o T T T T

o) F ]

%145 WW vs. WZ Cross Sections:_|

= C ]

Simultaneous WW and WZ cross section measurement;  ° 12f Meorou Woeco
[ . 95% CL Des.s% cg

108 s 3

ooy =9.4+42pb o =3.7%5%pb o E

Total diboson cross section in £ujj final state: 6F g
4f 3

oy .wz = 13.9 4 3.8pb i E
B s 0 28 B0

Gurw (PD)
CDF Run Il Preliminary (9.4 fb™) CDF Run Il Preliminary (9.4 fb") CDF Run Il Preliminary (9.4 fb™)
0.008F 3
o7t om0, 0922 O 1 O v = 107 00 XSy s tvre = 083L X0 vy
Boocr | EOCa | B
[Hoswcr s oL oL

Bayesian Posterior Probability Density
28 e eSS
S 8 28 8

3

"

15 2 .25 05 1 15 2 25 3 35 4 45 5 15 2 25 3,35
iz v Oz vt foS Gt ot S 1vobi)

Owz-s 1w/ OWz- 1vaHF)

. CDF Public Note
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* SumMmMARY AND CONCLUSIONS w

» CDF and DO are still producing uniqgue measurements in the Electroweak
sector:

e High precision observable measurements, ¢*, first in off-peak region

e Highest precision W and ¢ charge asymmetry measurement, extended up
to n ~3.2, comparison with several PDF models

e World best 6 measurement from hadron collider and light quark
interactions

o First WW +jets differential cross section measurement

e Simultaneous measurement of WW and WZ in final states involving heavy
flavor jets

» Combinations of CDF and DO results are ongoing, still some results are
expected in the upcoming months!
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